Abstract. The shielding properties of different energy (1MeV, 2MeV, 3MeV) γ-rays were studied for the concrete with magnetite, magnetite ore, barite, barite ore, steel ball, ordinary sand and crushed stone as aggregates. Based on MCNP5 program, the shielding performance of different aggregate concrete was simulated and analyzed, and the attenuation coefficients, transmittance and transmission spectrum of the three-rays concrete through different aggregate concrete were obtained. Research indicates：For the same energy γ-rays, the shielding effect of concrete with steel ball, magnetite ore and magnetite as the aggregate is the best, and the shielding effect of the concrete decreases with the increase of γ-rays energy. And the transmittance of γ-rays of the same aggregate concrete is different; when γ-rays energy is higher than 1.02MeV, from the transmission spectrum can be seen, γ-rays and concrete electron-pair effect and the Compton effect probability increases.
Introduction

MCNP5 program is centralized preparation by the United States Los Alamos National Laboratory
Monte Carlo team in a series of program work on the basis of the preparation of the current highest level of large-scale general neutron -photon -electron transport program [1] . Li Dan, Lai Wanchang, who verified the MCNP5 program can accurately calculate the γ-rays mass attenuation coefficient in the material [2] . In this paper, the MCNP5 program is used to study the shielding performance of different aggregate concrete for different energy (1MeV, 2MeV, 3MeV) γ rays, so as to provide the reference for correct selection of shielded concrete aggregate.
The Principle of γ -Rays Attenuation in Material
When a bundle of parallel narrow beam single-energy γ-rays passes vertically through the absorption concrete block, γ-rays may produce photoelectric effect, Compton effect and electron pair effect on the concrete. The weakening rule of γ-rays in concrete block follows the exponential rule [3] , which is
(1) Simplification was:
In the formula: D 0 , D-set the dose rate before and after shielding (intensity) Χ-thickness of the concrete (cm) μ-line attenuation coefficient (cm -1 ) K-The reciprocal of the transmittance, I 0 / I
MCNP5 Simulation
Mixture Ratio, Density and Elemental Composition of Concrete for Simulation
According to 《common concrete design rules》 (JGJ55-2011) [4] , combined with Wu Chongming, Ding Dexin and others with the design principles and steps [5] , the design of mix proportion of magnetite ore, magnetite ore, steel ball, Xiangjiang river sand, common gravel, barite and barite sand as aggregate, determining CG group concrete mix with the steel ball, magnetite sand, magnetite as aggregate; And then replace some aggregate of CG aggregate with magnetite, magnetite, Xiangjiang river sand and common crushed stone to determine the Mixture ratio of CP group concrete, CZ concrete mix with aggregates of magnetite, magnetite ore, barite and barite ore and the concrete mix of PG group with steel ball, Xiangjiang River sand, ordinary gravel as aggregate. The mixing ratio of each group is shown in Table 1 . represents the content of the components in Table 1 . The unit of ρ is g / cm 3 , Then the density of different aggregate concrete is: ρ CG =3.93184g/cm3; ρ CP =2.717184g/cm3, ρ CZ =3.06684g/cm3, ρ PG =3.53984g/cm3.
According to Li Jianxin, Wang Fuchuan, CJ Gesh and other people on the chemical composition of aggregate analysis [6] [7] [8] , the percentages of the various elements in the concrete were calculated using the mix ratios of the four aggregates in Table 1 . The percentage of each element in the concrete is shown in Table 2 . 
Model Establishment
The MCNP5 procedure was used to establish the existing collimator and γ-rays absorber in this paper. The model is shown in Fig 1. The energy of γ -rays is 1MeV, 2 MeV and 3 MeV respectively in the simulation process. Concrete test block size is 300 × 250mm, thickness 0-10cm, measured once every 0.5cm thick. And MCNP5 were used in the F4, F6, F8 card count. 
Simulation Results
Line Attenuation Coefficients of Three Kinds of Energy γ -Rays of Concrete in Each Group
Using F4 card count, the simulation results with the origin software to do a linear fit LN (K) with the shielding material thickness changes in the relationship shown in Figure 2 . As can be seen in Figure 2 . For different energy γ-rays, the attenuation coefficient of concrete group CG for aggregate as steel ball, magnetite and magnetite ore is the largest. At the same time, it was found that the concrete with steel ball in the aggregate had larger attenuation coefficient than the concrete without steel ball, indicating that the steel ball on the γ-rays has a good shielding performance. The greater the energy, the smaller the attenuation coefficient of each group of concrete.
The Transmittance of Three Different Energy γ -Rays for Concrete
According to the F6 counting card records the results, using the exponential fitting to make different thickness of the concrete block and γ-rays absorption dose rate of the relationship between the transmittance shown in Figure 3 . As can be seen from Figure 3 . The relationship between the γ-rays transmittance and the thickness of the concrete specimen is in good agreement with the theoretical exponential decay. The semi-attenuation thickness of γ-rays of different energy concrete specimens in different aggregate concrete is different, it can be seen that the half-attenuation thickness of CG group is the smallest, and the half-attenuation thickness of CP group is the biggest.
Transmission Spectrum of Three Kinds of Energy γ -Rays of Concrete
According to MCNP5 energy distribution card F8 count card records, to make three kinds of energy γ-rays transmission spectrum, shown in Figure 4 . It can be seen from Figure 4 (a), different aggregate concrete on the 1MeV γ-rays shielding effect is the most obvious. According to Figure 4 (b) and Figure 4 (c), it can be seen that the γ-rays shielding effect of 2MeV and 3MeV is weaker. Therefore, we can surmise that γ-rays shielding effect of different aggregate concrete on energy less than 1MeV is better than γ-rays shielding effect of energy greater than 1MeV. At the same time, it can be found in Figure 4 (b) and Figure 4 (c), There are multiple peaks in the transmission spectrum because the probability of the electrons on the effect of the electrons with the energy greater than 1.02MeV increases, and the greater the energy, the greater the probability of the electron pair effect occurring, and the greater the probability of the single escape peak and the double escape peak.
Summary
The following conclusions can be drawn from the MCNP5 simulation of three energy γ-rayss passing through four different aggregate concrete:
(1) Through the line attenuation coefficient can be clearly seen: The shielding performance of the CG group with the steel ball, the magnetite and the magnetite ore as aggregate is the best, and it can be deduced that the shielding performance of the steel ball is superior to that of magnetite, magnetite, Xiangjiang river sand, ordinary gravel, barite and barite ore. At the same time with the increase of energy, different aggregate concrete to reduce the γ-rays shielding performance.
(2) The relationship between the thickness of the concrete specimen and the transmittance of the γ-rays absorbed dose rate was obtained by exponential fitting. The results show that the thickness of CG concrete is the least, the half-attenuation thickness of CP group is largest. From different energy spectrum can be inferred: γ-rays shielding effect of different aggregate concrete on energy less than 1 MeV is better than γ-rays shielding effect of energy greater than 1MeV.
